INTRODUCTION
The Bromeliaceae family belongs to the order Poales (APG III 2009) and comprises about 58 genera and 3,170 species, distributed in tropical and subtropical regions of the American continent (Givnish et al. 2011) . Approximately 50% of the bromeliad species are found in Brazil, occurring in Atlantic Rainforest regions, Caatinga, montane savannas -'Campos Rupestres', semi-arid regions and tropical savanna -'Cerrado' (Ceita et al. 2008) . For this reason, the Brazil has been considered one of the most important biodiversity Bromeliaceae centers worldwide (Louzada et al. 2010 ).
Economically, bromeliads have been used for food and fiber production, ornamental purposes and in natural medicine, with the use of the bromelin enzyme. This enzyme is present in the pineapple, Ananas comosus (Linnaeus) Merril, which is also widely explored in agriculture as a commercial fruit. Besides economic aspects, the bromeliads have assumed a substantial role in ecological features. Some species provide concentrated nectar to humming birds and furnish microhabitats for other vegetable species. Thus, the bromeliads have been highlighted as biodiversity enhancers (Versieux 2009 , Favoreto et al. 2012 .
Cytogenetic studies in Bromeliaceae have been reported, aiming to clarify systematic and evolutionary aspects in the group (Favoreto et al. 2012) . Initially, cytogenetic researches focused on chromosome counting (Lindschau 1933 , Weiss 1965 , Marchant 1967 . On a second stage, they also reported on the morphology of Bromeliaceae chromosomes (Cotias-de-Oliveira et al. 2000 , Palma-Silva et al. 2004 , Bellintani et al. 2005 , Gitai et al. 2005 , Ceita et al. 2008 .
Apart from cytogenetic studies, flow cytometry (FCM) analyses have also been performed to measure the nuclear DNA content and base composition (AT% and GC%) of different Bromeliaceae species, expanding the data about their genome. These analyses have contributed with information for systematic, evolution (Ebert and Till 1997, Ramirez-Morillo and Brown 2001) and genetic diversity studies (Sgorbati et al. 2004 , Favoreto et al. 2012 .
Despite previous cytogenetic and FCM studies, there is scarce data available for bromeliads, limiting inferences about the evolution of its karyotype. In particular, the most cytogenetic studies have only reported the basic chromosome number, x = 25. Considering all this, it is relevant to put together reported cytogenetic and FCM data and the problems being faced, as well as the next steps. Based on this approach, studies on basic chromosome number, ploidy and karyotype evolution in Bromeliaceae could be advanced. Given these aspects, this review was devoted to relating the cytogenetic and FCM data generated so far for this family, showing prospective solutions for old problems and raising new questions.
CYTOGENETICS OF BROMELIACEAE
At first, cytogenetic studies in Bromeliaceae intended to establish the chromosome number. In 1904, Billings initiated the chromosome analysis of this family, which became more significant after 1933, with studies by Lindschau on 50 species of different Bromeliaceae genera. Subsequently, determination of the chromosome number in some species was accomplished by Marchant (1967) , Sharma and Ghosh (1971), McWilliams (1974) , and Varadarajan and Brown (1985) . These authors observed a wide diversity of chromosome numbers among species.
Lindschau (1933) proposed that Tillandsioideae has a basic chromosome number of x = 9, and Weiss (1965) found x = 8; both authors also reported the occurrence of species with different ploidy levels. Marchant (1967) studied 72 Bromeliaceae species, revealing the occurrence of 2n = 48, 50, 56, 64, 72, 94, 96 , 100 and 126 chromosomes. Based on these results, the author reported that, with the exception of Cryptanthus (x = 17), Bromeliaceae present a basic chromosome number of x = 25. Brown and Gilmartin (1989) suggested that the number x = 25 could be derived from hybridization between paleo-diploid species with x = 8 and 9, followed by chromosome doubling generating a paleo-tetraploid showing x = 17. Subsequently, hybridization between the paleo-tetraploid and the paleo-diploid, with x = 8, could have resulted in an allohexaploid exhibiting x = 8 + 8 + 9 = 25, then considered the basic chromosome number for the Bromeliaceae family (Figure 1) .
On a second stage of cytogenetic studies, besides determining the chromosome number, researchers also characterized the chromosomes of bromeliads morphologically. Several authors reported a chromosome number of 2n = 50 for most of the species analyzed, with the exception of the genus Cryptanthus, 2n = 34, and some polyploid species with 2n = 100, 150 or 160. Moreover, morphometric studies revealed the relatively small size of the bromeliad chromosomes (Cotias-deOliveira et al. 2000 , 2004 , Palma-Silva et al. 2004 , Bellintani et al. 2005 , Gitai et al. 2005 , Ceita et al. 2008 .
Initially, Cotias-de-Oliveira et al. (2000) determined the chromosome number of 14 Bromeliaceae species showing 2n = 50 and three polyploid species with 2n = 100 (Orthophytum burle-marxii LB Smith & R. W. Read) or 2n = 150 (Bromelia laciniosa Martius ex Schultes f. and Orthophytum maracasense L. B. Smith). These authors also observed that the chromosome size of most species ranged from 0.23 µm (chromosome 25) to 1.08 µm (chromosome 1). Similarly, Cotias-de-Oliveira et al. (2004) reported a chromosome number of 2n = 50 for 23 species and 2n = 100 for two species, Orthophytum albopictum Philcox and Neoglaziovia variegata (Arruda da Camara) Mez. Moreover, these authors reported a total chromosome size ranging from 0.36 µm (chromosome 25) to 1.20 µm (chromosome 1).
Analyzing chromosomal features of Bromeliaceae, Gitai et al. (2005) reported cytological information and chromosome counting of 15 taxa, referring to 19 genera of this family. The basic number x = 25 was confirmed, and the occurrence of polyploidy was detected in two species. The species Deinacanthon urbanianum (Nees) Mez had 2n = 160, while for Bromelia laciniosa Martius ex Schultes f. a number of 2n = 150 was found. The full size of the chromosomes ranging from 0.50 µm (chromosome 25) to 2.72 µm (chromosome 1) was observed in different species. Ceita et al. (2008) studied the chromosome number of 18 Bromeliaceae species, finding mostly 2n = 50, except for Cryptanthus, with 2n = 34. Cryptanthus chromosomes ranged from 0.71 µm (chromosome 17) to 1.25 µm (chromosome 1) in length, while other species, showing 2n = 50, they ranged from 0.25 µm (chromosome 25) to 1.5 µm (chromosome 1).
As summarized in Table I , 2n = 50 prevails in the family. However, cytogenetic studies have shown some variations regarding chromosome number in Cryptanthus genus and some species, as well as discrepancies between the data obtained by analysis of mitotic and meiotic cells. The large number and small size of the chromosomes may have contributed to erroneous counts, which were based on prometaphases or metaphase chromosomes with overlappings, or else due to the possible presence of B chromosomes (Nunes et al. 2013) .
The occurrence of relatively small chromosomes has been considered an obstacle for an accurate cytogenetic characterization of most plant species (Carvalho et al. 2008 ). The chromosome discrimination in Bromeliaceae species has been regarded as particularly laborious, due to their relatively small size and subtle morphological differences (Cotias-de-Oliveira et al. 2000 , PalmaSilva et al. 2004 , Gitai et al. 2005 , Ceita et al. 2008 .
Distinct researches have reported chromosome counts in Bromeliaceae based on prophase chromosomes or interphase nuclei, which present blocks of heterochromatin. This kind of chromatin organization, observed before prometaphase, results in chromosomes morphologically elongated and unsuitable for morphometric measurement and karyogram assembly.
As displayed in Figure 2 (a -d), different chromatin compaction levels could be observed in cytogenetic analyses. However, interphase Brown and Gilmartin (1989) , of the evolutionary process that culminated in the basic number of x = 25 chromosomes for the Bromeliaceae family. First, hybridization between paleo-diploid species with x = 9 (1) and 8 (2), followed by chromosome doubling generating a paleo-tetraploid with x = 17 (3). Subsequently, hybridization between the paleotetraploid (3) and the paleo-diploid with x = 8 (2) may have resulted in an allohexaploid with x = 8 + 8 + 9 = 25 (4). and prophase chromosomes (Figure 2a, c) , which present low chromatin compaction level, are inadequate for morphometric measurements, as they prevent correct karyomorphological analyses. As a result thereof, erroneous chromosome counts and characterization are made, generating incorrect data from the karyotype study.
Recently, Nunes et al. (2013) established a protocol for obtaining metaphase chromosomes of Pitcairnia flammea (L. B. Smith) L. B. Smith. The authors used the technique of cell dissociation of enzymatically macerated roots and subsequent air drying of the slides. These procedures provided chromosomes with well-defined primary constrictions, few overlaps, deformations or cytoplasmic chromatin fragments (Figure 2d ). Based on these results, the authors were able to perform morphometric analyses, pairing of homologous chromosomes and assembly of a Bromeliaceae karyogram. Analyzing the karyogram of P. flammea, they detected the presence of grouped pairs of cytogenetically identical chromosomes. Thus, the authors inferred that the basic number for the Bromeliaceae family is not x = 25 chromosomes. Furthermore, the presence of an isolated chromosome (number 1) led to evidence of an allopolyploid origin for the genome of P. flammea.
Despite the advances made in cytogenetic studies, these analyses in Bromeliaceae have covered 10% of all species of the group. This fact is due especially to the relatively high number, generally 2n = 50, and the small total size of the chromosomes. Therefore, more cytogenetic studies in bromeliads have to be conducted aiming to expand the knowledge about their karyotype. For this end, karyotype researches must be allied to molecular cytogenetics, which can evidence the evolution of DNA sequences present in the chromosomes.
FCM IN BROMELIACEAE
FCM analyses have been used to estimate the nuclear DNA content and base composition (AT% and GC%) of a few Bromeliaceae species Additionally, karyological analysis of P. flammea allowed initial inferences on the karyotype evolution of bromeliads. Thus, as a starting point for further research, it should be assumed that x = 25 might not be the basic Bromeliaceae chromosome number, a fact that could be the subject of new cytogenetic studies.
Bromeliaceae FCM approaches are incipient, since only few species have already had their 2C nuclear DNA content estimated this way. FCM provides fast and reliable analyses, playing an important role in genetic diversity and systematic studies and in assisting cytogenetic research, by enabling immediate DNA ploidy level determination. Considering these facts, not to expand FCM studies means to delay the gain of Bromeliaceae genome knowledge. Therefore, more different bromeliads species ought to have their 2C value determined, with the aim of supporting karyotype studies.
In conclusion, in order to reach a robust result regarding the process of bromeliad karyotype evolution, it is time to initiate a combination of classical and molecular cytogenetics of Bromeliaceae species, allied with a greater number of FCM analyses.
